A lysophospholipase (LPL) activity appears in the aleurone of barley (Hordeum vulgare L. cv Himalaya) half seeds during imbibition on moist agar. Secretion of LPL by half seeds is promoted by GA3; the increase in secretory rate is almost linear from 10-10 to 10' molar GA3. LPL activity is likewise promoted in isolated aleurone layers by GA3. Its secretion into the incubation medium requires the continued presence of GA3 and commences after a 10 to 14 hour lag period when 10 millimolar Ca2" is present. In the absence of Ca2", the lag period remains unchanged but attainment of the maximum secretory rate is delayed. Ca2" alone has very little effect either on LPL activity accumulated in the aleurone layer or in the surrounding medium. However, 50 millimolar Ca2" together with GA3 dramatically increase the level of secreted activity and of total (accumulated and secreted) activity.
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The metabolic inhibitors cycloheximide and actinomycin D inhibit the accumulation of LPL activity in the aleurone and also the secreted activity. Actinomycin D added after the lag period results in a much lower inhibition. The increase in LPL activity in response to GA3 occurs as a result of de novo synthesis; LPL activity from barley half seeds incubated in 80% D20 in the presence of GA3 undergoes a shift to higher density compared with the activity from similar controls incubated in H20. The characteristics of the GA3 enhancement of LPL activity are compared specifically with a-amylase and generally with other GA3-controlled hydrolases.
The aleurone layer of barley is the source of a variety of hydrolytic enzymes which mobilize the endosperm reserves for the growing embryo. During the past 2 decades, many researchers have examined the influence of GA3 on the aleurone hydrolases such as a-amylase, protease, ribonuclease (19, 26, 29) , phosphatase (3, 4, 21, 26) , and cell wall hydrolases (17, 24, 25) . More recently, Baisted (5) described the disappearance ofstarch-bound LPC2 in germinating barley and Baisted and Stroud (6) reported on the presence of a soluble and particulate LPL activity in the aleurone and starchy endosperm of germinating barley. It was found that a starch-bound LPL reached a peak activity coincident with the most rapid loss of starch-bound LPC; these events occurred 1 d after amylase activity had reached a maximum. It was also shown (7) that LPL activity originates in the embryocontaining half of the barley seed during germination and that GA3 enhances both the activity in isolated aleurone layers and that appearing in the medium surrounding the layers. ' NaCIO solution and then allowed to imbibe water from 1% (w/ v) agar plates for 4 to 5 d. All transfers and incubations were carried out under sterile conditions using sterilized glassware and solutions. Half-seeds or aleurone layers separated from the imbibed half-seeds were incubated in groups of 10 in 25 ml Erlenmeyer flasks in 2 ml acetate buffer (1 mm, pH 4.8) for different time intervals. These procedures were according to those previously described (7) . The influence of GA3 and Ca2', alone and in combination, on the appearance of LPL activity in the aleurone and its release into the incubation medium was compared with its appearance and release from aleurones incubated in acetate buffer alone. The temperature of imbibition and incubation was 21°C.
After incubation, the aleurone layers were washed with the incubation buffer (2 x 1 ml) and homogenates of the layers were made in a pestle and mortar in ice-cold 10 mm phosphate buffer (4 ml, pH 7). For experiments in which Ca2" was present in the incubation medium, the homogenizing medium contained 2 mm CaCl2. The crude homogenates were centrifuged at lOOOg for 10 min and the supernatant used as a source of the aleurone LPL activity. The activity released into the incubation medium was measured on the supematant resulting from the medium combined with the aleurone washes after centrifugation at 10OOg for 10 min.
LPL was assayed in Tris-HCl (0.1 M, pH 8) as described by Baisted and Stroud (7). Lysophosphatidylcholine-[1-'4C]palmitoyl (200 nmol, I04 cpm) was dissolved in buffer (0.8 ml) and the reaction started by addition of0.2 ml enzyme solution. Reactions were run in tilted centrifuge tubes in a shaker bath at 21C for time intervals ensuring linear kinetics. Reactions were stopped by addition of 6 ml of a solvent mixture composed of isopropanol-heptane-I N H2SO4 (60:40:1, v/v/v) to extract the liberated palmitic acid-['4C]. One half of the upper phase, separated by centrifugation, was counted in 10 ml of a scintillation fluor of 2,5-diphenyloxazole (4 g/L) in toluene-Triton X-100-water (60:30:10).
Two groups, each of 20 sterilized half-seeds, were inbibed in 1 mM acetate buffer, pH 5 (1 ml) dissolved in either water or 80% D2O. After 3 d, GA3 (1 M) in the H20-acetate buffer (1 ml) was added to the group imbibed in the H20 medium, and GA3 (1 .uM) in 80% D20-acetate buffer (1 ml) was added to the group imbibed in the medium with 80% D2O. The half-seeds were incubated for 20 h at 21C. Aleurone layers were separated from the starchy endosperm, ground in 2 ml 10 mM phosphate, pH 7, and the supernatant (60,000g for 15 min) was used as a source of enzyme.
The supematant (0.2 ml), mixed with Cyt c as an internal marker, was layered on top of 2.8 ml CsCl solution (1.304 g/ml) which was 5 mM in KBrO3 to block protease activity in the supernatant. The samples were overlayed with mineral oil and the gradient established by centrifugation at 45,000 rpm for 68 h at 4°C in a Sorval OTD-2 with an AH-650 swinging bucket rotor. The tubes were punctured in the bottom and 80 threedrop fractions were collected. LPL was assayed and Cyt c measured spectrophotometrically in appropriate fractions. Refractive indices were determined in each fifth to eighth fraction. Density units equivalent to the refractive indices were obtained from tables (23) .
In the Figures and Tables where error values are not specified, the data obtained are the averages of at least duplicate runs with ranges about an average <±8%.
RESULTS
LPL activity is present in the dry half-seed and increases during imbibition. For 10 half-seeds the total activity measured as nmol palmitate released per min was 4, 8, 25, 47 , and 71 for half-seeds imbibed for 0, 1, 2, 3, and 5 d, respectively. Measurement of the activity in the separated starchy endosperm and aleurone of the imbibed half-seed showed that the activity was confined exclusively to the aleurone (data not shown).
The GA3 dose-response curve ( Fig. 1) for the secretion of LPL from half-seeds is similar to that for a-amylase and protease (9, 10, 16) with a minimum effective concentration of 10-`0 M GA3 and a maximum at about 10-4 M. There is a requirement for the continued presence of GA3 for the release of LPL from isolated aleurone layers into the medium (Fig. 2) . Removal ofGA3 after a 12-h exposure markedly reduces the rate of secretion. This parallels the observation made for aamylase (10, 17) and is in contrast to the findings with ,B-1,3-glucanase, the activity of which is maintained after GA3 removal (17) .
The time-course of secretion of LPL from aleurone layers in the presence and absence of GA3 with 10 mm Ca2" is shown in Log concentration of GA3 (M) 10-to 14-h lag period characteristic of other GA3-controlled hydrolases such as a-amylase and protease ( 12, 16) ; also similar to a-amylase and protease is the relative rate ofincrease following the lag phase (Fig. 3B) . In the absence of GA3, only a very small amount of LPL is present in the incubation medium. This indicates that, like a-amylase and other GA3-controlled hydrolases, there is a requirement for the hormone for secretion of LPL. On the other hand, unlike a-amylase, LPL activity appears in the aleurone in the absence ofGA3 (Fig. 3A) ; with GA3 present however, LPL accumulation is increased (Fig. 3A) .
The rate of GA3-induced LPL secretion into the medium becomes maximal after the 14-h lag period in the presence of 10 mM Ca+ (Fig. 3B) . Without Ca , the lag period remains unchanged but the rate at which LPL is secreted is much slower (Fig. 4) ; the rapid rise of activity in the medium under these conditions is delayed about 6 to 9 h. The profile for accumulation of GA3-induced LPL activity in the aleurone is similar whether Ca2 is present (Fig. 3A) or absent (Fig. 4) . Table I shows the influence of Ca2 on the appearance of LPL activity in the aleurone and the incubation medium. The control flasks without GA3 show the typical high LPL activity in the aleurone and very small activity in the incubation medium. The presence of 10 mm Ca2' alone has only a slight effect on the accumulated and secreted activity. Total (A + M) and secreted activity (M) are substantially increased in the presence of GA3 as expected. With GA3 present, the total and secreted LPL activities are only moderately increased by 10 mM Ca+ but at 50 mM Ca2 we see a marked increase in total activity and a sharp increase in secreted activity. Neither Ca>+ nor the calcium chelator, EGTA, had any effect on an LPL activity isolated from aleurone tissue (data not shown). Table II shows the effect of the metabolic inhibitors cycloheximide and actinomycin D on the appearance of aleurone and medium LPL activity in the presence of GA3. Cycloheximide (1 Ag/ml) added simultaneously with GA3 produced 80% inhibition of aleurone activity and 100% inhibition of secretion as compared with the GA3 control. Actinomycin D (100 jg/ml) added with GA3 produced a 20 and 84% inhibition of aleurone and medium activity, respectively. However, actinomycin D added 10 h after GA3 treatment showed no inhibition of activity in the aleurone and only a 50% decrease in secretion. The inability of actinomycin D to inhibit the formation of the aleurone enzyme activity after the lag period has also been observed with a-amylase (10, 14) .
There is a density shift in GA3-stimulated LPL activity from half-seeds imbibed in 80% D2O compared with the activity of seeds imbibed in H2O (Table III) . The de novo synthesis of aamylase ( 13), protease (16) , peroxidase isozymes (2), and glucanase and ribonuclease (8) have been similarly demonstrated by density shifts of the enzyme labeled either with D or 180.
DISCUSSION
The increase in LPL activity during imbibition of half-seeds indicates that there is not an absolute requirement for exogenous GA3. This is also the situation with ribonuclease (9), phosphatases (3, 4, 21) , ,B-1,3-glucanase (25) and other cell wall hydrolases (24) .
The secretion of LPL from aleurone layers, like other barley aleurone hydrolases, is dependent upon GA3 (Fig. 3B) . The rapid increases in the activity appearing in the medium immediately following the 10-to 14-h lag phase is characteristic of other aleurone hydrolases. Protease (16) and a-amylase (12) have 10-to 12-h lag periods while (l-1,3-glucanase (17, 25) and ribonuclease (9, 18) have lag times of 4 and 18 to 24 h, respectively. Although the time course of secretion of LPL is similar to that of a-amylase the activity profile in the aleurone more closely resembles that of ,l-1,3-glucanase (17, 25) ; the activity appears during water imbibition and increases during GA3 incubation. With ,B-1,3-glucanase and most notably ribonuclease (9), the aleurone activity declines concomitant with an increase in the activity of the medium. On the other hand, LPL activity in the aleurone is maintained at a high level while the activity in the medium is increasing. This indicates that active synthesis or activation of LPL in the aleurone occurs during secretion.
The presence of a low concentration of Ca2" (1 mM) with GA3 in the incubation medium had little effect on the aleurone and medium LPL activities as compared with GA3 alone (Table I) . However, with high concentrations of Ca2+ (50 mM), increased secretion and also total LPL activity (A + M, Table II) is apparent. Neither Ca2 nor EGTA affect the isolated LPL activity so that Ca 2 must affect the synthesis and secretion of the enzyme. The influence of Ca2`on GA3-induced a-amylase has a greater sensitivity to Ca2+; a maximum stimulation of synthesis and secretion has been reported with 20 mm Ca2+ (9). We have observed such an effect on a-amylase with 10 mM Ca2+ (data not Figure 4 where the absence of Ca2+ in the GA3 incubation medium results in an overall reduction in LPL Dependence of a-amylase production on both protein and RNA synthesis has been demonstrated (9, 10, 17) . The insensitivity of a-amylase production to the transcription inhibitor, cordycepin, after 12 h ofGA3 treatment (15) indicates translation occurs on a stable mRNA. In parallel with the earlier studies, the response of GA3-stimulated LPL activity to cycloheximide and actinomycin D (Table II) is similar to that of a-amylase suggesting a similar mode of activation by GA3. Also similar to a-amylase and several other GA3-stimulated hydrolases, LPL is synthesized de novo. The results of density labeling experiments with 80% D20 are shown in Table III . The magnitude of the density shift compares with that for ribonuclease, 1.30% (8) and peroxidase, 1.90% (2) isolated from barley tissues incubated in 80% D20.
We have been unable to demonstrate the presence of phospholipase A activity in the incubation medium of GA3-stimulated aleurone layers. Such an activity is usually accompanied by LPL to dispose of lysophospholipids generated in the course of phospholipid metabolism (27) . It is evident that a major role for LPL secreted into the endosperm from barley aleurone layers is to dispose of the lysophospholipids released from the degraded amylose. LPC is a fusogen (28) and in this capacity the low levels of LPC maintained in the starchy endosperm during germination may be sufficient to enhance the secretion of other GA3-induced hydrolases.
